EV327047265US 



COMMON VOLTAGE REGULATING CIRCUIT OF LIQUID CRYSTAL DISPLAY 

DEVICE 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a common voltage 
regulating circuit of a liquid crystal display device, and 
more particularly to a common voltage regulating circuit of a 
10 liquid crystal display device capable of adjusting a common 
voltage by software. 

Description of the Prior Art 

Generally, a TFT-LCD is a device for displaying an image 
15 by adjusting light transmissivity after changing an 
orientation of a liquid crystal through charge/discharge of 
capacitors formed between pixel electrodes and common 
electrodes. A signal voltage is applied to the pixel 
electrode through a data line and TFT performing a switching, 
20 and a common voltage is applied to the common electrode. 
Herein, in order to minimize flicker, the common voltage is 
finely adjusted by ■ means of a common voltage regulating 
circuit to a predetermined value. 

FIG. 1 is a schematic diagram showing a common voltage 
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regulating circuit of a liquid crystal display device 
according to a prior art. As shown in FIG. 1, the common 
voltage regulating circuit includes a voltage distribution 
section 10 and a buffer amplifier 20. The voltage 

5 distribution section 10 includes three resistors, that is, a 
first resistor Rl, a second resistor R2 and a variable 
resistor VR1, which are coupled in series between a power 
supply terminal and a ground, and distributes supply voltage. 
The buffer amplifier 20 includes a capacitor CI coupled 

10 between an output terminal and a ground, receives a 
distribution voltage, which is a reference voltage, adjusted 
by the variable resistor VRl through a non-inverting input 
terminal (■ + ) , and feedbacks an output signal VCOM to a 
inverting input terminal (-) . Further, the buffer amplifier 

15 20 outputs a common voltage signal VCOM after buffering the 
adjusted . distribution voltage. 

FIG. 2 is a front view of a liquid crystal display panel 
employing the circuit of FIG. 1. A reference numeral 100 
represents a width of a bezel of front surface of the liquid 

20 crystal display panel and a reference numeral 102 represents 
a groove for adjustment of the resistance of the variable 
resistor . 

FIG. 3 is a rear view of a liquid crystal display panel 
employing the circuit of FIG. 1. As shown in FIG. 3, the 
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liquid crystal display panel includes a source-drive IC 104 
for driving a data line of the liquid crystal display panel, 
a gate-drive IC 106 for driving a gate line of the liquid 
crystal display panel, a source-printed circuit board 108 for 
5 supplying a power source and a driving signal to the source- 
drive IC 104, a gate-printed circuit board 110 for supplying 
a power source and a driving signal to the gate-drive IC 106, 
a first cable 112 for connecting the source-printed circuit 
board 108 with the gate-printed circuit board 110, and an 

10 integrated board 114 with which a liquid crystal driving 
circuit, which drives the liquid crystal display panel, and 
an interface circuit, which converts an input image signal 
such as a LVDS, a TTL, or a TMDS into a digital, type and 
adjusts the .resolution, have been . formed; .. integrally. 

15 -Further, the liquid crystal display panel includes a second 
cable 116 for connecting the source-printed circuit board 108 
with the integrated board 114, an inverter 118 for driving a 
backlight of a liquid crystal display, a connector 120 for 
sending the image signal to the integrated board 114, a third 

20 cable 122 for connecting the integrated board 114 with the 
inverter 118 and a variable resistor 124 utilized for a fine 
adjustment of the common voltage. 

FIG. 4 is a rear view of another embodiment of a liquid 
crystal display panel employing the circuit of FIG. 1 and is 
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a schematic view showing rear surface of the liquid crystal 
display panel in which the interface circuit and the inverter 
are omitted. In the following description and drawings, the 
same reference numerals are used to designate the same 
5 elements as those shown in FIG. 3. 

As shown in FIG. 2 and FIG. 3, the conventional common 
voltage regulating circuit is installed on the gate-printed 
circuit board 110. The integrated board 114 includes a block 
of generating the supply voltage AVDD and supplies the supply 

10 voltage AVDD to the source-printed circuit board 108 and the' 
gate-printed circuit board 110 through the second cable 116. 
Herein, the supply voltage AVDD is sufficiently larger than 
the level of the common voltage VCOM outputted from the 
. . common voltage regulating circuit. ... 

15 Referring to FIG. 2 and FIG. 3, the operation of the 

common voltage regulating circuit is briefly described. 
First, when the supply voltage AVDD generated in the 
integrated board 114 is supplied to the common voltage 
regulating circuit, the voltage distribution section 10 

20 distributes the supply voltage AVDD by means of the first 
resistor Rl, the second, resistor R2 and the variable resistor 
VR1 on the basis of a value set by the variable resistor VR1, 
and then outputs the distributed voltage, which is a 
reference voltage, to the buffer amplifier 20. Then, the 



4 



EV327047265US 



buffer amplifier 20 amplifies the reference voltage by a 
unity gain and then outputs a stable common voltage signal 
VCOM. 

In the conventional common voltage regulating circuit, 
5 parts, such as a cheap transistor, have been used as means 
for outputting the stable common voltage signal, or the 
output of the variable resistor has been directly used as the 
common voltage signal. 

When the liquid crystal display device is manufactured 

10 by means of the conventional common voltage regulating 
circuit as described above, as shown in FIG. 2 and FIG. 3, a 
groove for adjustment of a resistance of the variable 
resistor must be formed usually on the front surface of the 

-.. panel, or sometimes on the. rear, surface of the panel. 

15 Therefore', when the bezel inevitably has a narrow width in- 
designing the liquid crystal display device, there are some 
restrictions in forming the groove. Further, when a liquid 
crystal display device has no gate-printed circuit board, the 
position of the variable resistor must be shifted to the 

20 source-printed circuit board, thereby causing some 
difficulties in the structural design of the liquid crystal 
display device. 

Further, when the liquid crystal display device is 
manufactured to have the conventional common voltage 
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regulating circuit, there are some difficulties in fine 
adjustment in accordance with the accuracy of the variable 
resistor, and the variable resistor may be broken owing to a 
structural defect. Further, as the variable resistor is 
5 used, the manufacturing cost increases. 

Further, when a complete display, such as a monitor, has 
been manufactured by means of a liquid crystal display device 
having the conventional common voltage regulating circuit 
after completing the adjustment of the common voltage, it is 
10 impossible to readjust the common voltage unless the display 
device is disassembled. 

. . SUMMARY OF THE INVENTION 

15 Accordingly, - the present invention has been made to 

solve the above-mentioned problems occurring in the prior 
art, and an object of the present invention is to provide a 
common voltage regulating circuit of a liquid crystal display 
device which can easily adjust a common voltage by adjusting 

20 the common voltage by software by means of a surplus pulse 
width modulation signal generated in an integrated board, 
instead of a variable resistor, without installing separate 
hardware . 
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In order to achieve the above objects , according to a 
first embodiment of the present invention, there is provided 
a common voltage regulating circuit of a liquid crystal 
display device, comprising: a pulse signal generating means 
5 for outputting a pulse width modulation signal in response to 
up/down signal for adjusting a common voltage; a smoothing 
means for smoothing the pulse width modulation signal from 
the pulse signal generating means to a direct current level; 
and an amplifying means for amplifying the signal smoothed by 

10 the smoothing means to a predetermined level and outputting a 
common voltage signal. 

In order to achieve the above objects, according to a 
second embodiment of the present invention, there is provided 
a common voltage regulating, circuit of .a. liquid., crystal 

15 display device, comprising: a data generating, means for 
outputting a synchronizing signal and a serial digital data 
signal in response to an up/down signal for adjusting a 
common voltage; a digital/analog converting means for 
converting the serial digital data signal into an analog 

20 signal in response to the synchronizing signal of the data 
generating means; and a buffer amplifying means for buffering 
the analog signal converted by the digital/analog converting 
means and then outputting a common voltage signal . 
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In order to achieve the above objects, according to a 
third embodiment of the present invention, there is provided 
a common voltage regulating circuit of a liquid crystal 
display device, comprising: a data generating means . for 
5 outputting a synchronizing signal and a parallel digital data 
signal in response to an up/down signal for adjusting a 
common voltage; a digital/analog converting means for 
converting the parallel digital data signal into an analog 
signal in response to the synchronizing signal of the data 

10 generating means; and a buffer amplifying means for buffering 
the analog signal converted by the digital/analog converting 
means and then outputting a common voltage signal. 

In order to achieve the above objects, according to a 
fourth embodiment ...of the present invention, there, is . provided 

15 a . common voltage regulating circuit of - a . liquid, crystal 
display device, comprising: a data storage means for 
receiving a first selection signal, a second selection 
signal, a synchronizing signal and a serial digital data 
signal in order to adjust a common voltage, and storing and 

20 outputting data according to a combination of the first 
selection signal and the second selection signal; a 
digital/analog converting means for receiving the serial 
digital data signal from the data storage means in response 
to the synchronizing signal and converting the received 
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signal into an analog signal; and a buffer amplifying means 
for buffering the analog signal converted by the 
digital/analog converting means and outputting a common 
voltage signal. 

5 In order to achieve the above objects, according to a 

fifth embodiment of the present invention, there is provided 
a common voltage regulating circuit of a liquid crystal 
display device, comprising: a data storage means for 
receiving a first selection signal, a second selection 

10 signal, a synchronizing signal and a parallel digital data 
signal in order to adjust a common voltage, and storing and 
outputting data according to a combination of the first 
selection signal and the . second selection signal; a 

.-...digital/analog converting means, for . receiving, the. parallel 

15 digital .data signal from the data storage means in response 
to the synchronizing signal and converting the received 
signal into an analog signal; and a buffer amplifying means 
for buffering the analog signal converted by the 
digital/analog converting means and outputting a common 

20 voltage signal. 

In order to achieve the above objects, according to a 
sixth embodiment of the present invention, there is provided 
a common voltage regulating circuit of a liquid crystal 
display device, comprising: a data storage means for 
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receiving a first selection signal, a second selection signal 
and a pulse width modulation signal , and storing and 
outputting the pulse width modulation signal according to a 
combination of the first selection signal and the second 

5 selection signal; a smoothing means for receiving the pulse 
width modulation signal from the data storage means and 
smoothing the received signal to a direct current level; and 
an amplifying means for amplifying the signal smoothed by the 
smoothing means to a predetermined level and outputting a 

10 common voltage signal. 

The preferred embodiments will now be described below in 
detail in reference to the accompanying drawings. 



BRIEF DESCRIPTION OF THE ..-DRAWINGS 
15. ' • : . • - . 

The above and other objects, features and advantages of 
the present invention will be more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 
20 FIG. 1 is a schematic diagram showing a common voltage 

regulating circuit of a liquid crystal display device 
according to a prior art; 

FIG. 2 is a front view of a liquid crystal display panel 
employing the circuit of FIG. 1; 
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FIG. 3 is a rear view of a liquid crystal display panel 
employing the circuit of FIG. 1; 

FIG. 4 is a rear view of a liquid crystal display panel 
of another embodiment employing the circuit of FIG. 1; 
5 FIG. 5 is a front view of a liquid crystal display panel 

employing a common voltage regulating circuit of the present 
invention; 

FIG. 6 is a rear view of the liquid crystal display 
panel employing the common voltage regulating circuit of the 
10 present invention; 

FIG. 7 is a rear view of the liquid crystal display 
. panel of another embodiment employing the common voltage 
regulating circuit of the present invention; 

. - FIG. 8 is a. block . diagram illustrating a common voltage ; 
15 regulating circuit according to. a first embodiment of the . 
present invention; 

FIG. 9 is a waveform view showing a pulse width 
modulation signal according to the first embodiment of the 
present invention; 
20 FIG. 10 is a waveform view showing a smoothed signal 

according to the first embodiment of the present invention; 

FIG. 11 is a view showing a common voltage adjustment 
menu according to the first embodiment of the present 
invention; 
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FIG. 12 is a block diagram illustrating a coinmon voltage 
regulating circuit according to a second embodiment of the 
present invention; 

FIG. 13 is a waveform view showing a synchronizing 
5 signal and a serial digital data signal, according to a second 
embodiment of the present invention; 

FIG. 14 is a block diagram illustrating a common voltage 
regulating circuit according to a third embodiment of the 
present invention; 
10 FIG. 15 is a block diagram illustrating a common voltage 

regulating circuit according to a fourth embodiment of the 
present invention; 

FIG. 16 is a block diagram illustrating a common voltage. . 
regulating., circuit according - to ..a fifth embodiment ..of • the...:. . . 
15 present invention; : 

FIG. 17 is a block diagram illustrating a common voltage 
regulating circuit according to a sixth embodiment of the 
present invention; 

FIG. 18 is a block diagram illustrating a common voltage 
20 regulating circuit employing the first embodiment of the 
present invention; 

FIG. 19 is a table of data measured at each node in FIG. 
18; and 

FIG. 20 to FIG. 27 are views showing waveforms measured 
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at each node in FIG. 18. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 Hereinafter, a preferred embodiment of the present 

invention will be described in detail with reference to the 
accompanying drawings . 

FIG. 5 is a front view of a liquid crystal display panel 
employing a common voltage regulating circuit of the present 
10 invention. Herein, the same reference numerals are used for 
the same components shown in FIG. 2. 

FIG. 6 is a rear view of the liquid crystal display . 

panel employing, the. common, voltage regulating circuit of the _ 

present ...invention.. Herein, the same reference numerals -are 
15 used for the same components shown in FIG. 3. 

FIG. 7 is a rear view of another embodiment of the 
liquid crystal display panel employing the common voltage 
regulating circuit of the present invention. Herein, the 
same reference numerals are used for the same components 
20 shown in FIG. 4. 

The difference between the liquid crystal display panel 
employing an embodiment of the present invention and the 
prior art is that the groove 102, which has been formed in a 
bezel of a front surface of the liquid crystal display panel 
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in order to adjust the resistance of the variable resistor, 
and the variable resistor 124, which has been installed on 
the gate-printed circuit board 110, have been removed as 
shown in FIG. 6 and FIG. 7. 
5 FIG. 8 is a block diagram illustrating a common voltage 

regulating circuit according to the first embodiment of the 
present invention. As shown in FIG. 8, the common voltage 
regulating circuit includes a pulse signal generating section 
200, a smoothing section 202 and an amplifying section 204 . 
10 The pulse signal generating section 200 outputs a pulse width 
modulation signal (PWM) in response to an up/down signal 
UP /DOWN for adjusting a common voltage. The smoothing 
... section. 2.02 smoothes the pulse width modulation signal .(PWM) 
... . of . .the... pulse • signal generating section .200 . to . a .. direct 
15 current level. The amplifying section 204 amplifies the 

smoothed signal by the smoothing section to a predetermined 
level and then outputs a common voltage signal. 

The pulse signal generating section 200 includes two 
control pins and an output pin formed at outside so that the 
20 pulse signal generating section 200 can be adjusted by means 
of software, and receives the up/down signal UP/DOWN through 
the control pins and outputs the pulse width modulation 
signal (PWM) through the output pin. 

The smoothing section 202 includes a third resistor R3 
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of receiving the pulse width modulation signal through one 
end, and a first capacitor CI coupled between the other end 
of the third resistor R3 and a ground. 

The amplifying section 204 includes a fourth resistor 

5 R4, a fifth resistor R5 and a non-inverting amplifier 204a. 
The fourth resistor R4 is coupled between an inverting 
terminal (-) and an output terminal, and the fifth resistor 
R5 is coupled between an inverting terminal (-) and a ground. 
The non-inverting amplifier 204a receives the smoothed signal 

10 by the smoothing section 202 through a non-inverting terminal 
( + ) , amplifies the smoothed signal to a predetermined level 
and then outputs the common voltage signal VCOM. The non- 
inverting amplifier 204a receives a, supply voltage ..AVDD on an 

integrated board. . \ \: . . 

15 FIG. 9 is a waveform ..view showing a pulse width 

modulation signal according to the first embodiment of the 
present invention, FIG. 10 is a waveform view showing a 
smoothed signal according to the first embodiment of the 
present invention and FIG. 11 is a view showing a common 

20 voltage adjustment menu according to an embodiment of the 
present invention . 

The operation of the first embodiment of the present 
invention constructed as above is described with reference to 
FIG. 9 to FIG. 11. 
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First , when there is an input of an up/down key for 
adjusting the common voltage , the up/down signal UP/DOWN is 
applied to the pulse signal generating section 200. The 
pulse signal generating section 200 generates the pulse width 
5 modulation signal (PWM) according to the up/down signal 
.UP /DOWN . 

As shown in FIG. 9, the pulse width modulation signal 
(PWM) has a period of Tl and is outputted through the output 
pin of the pulse signal generating section 200 with a 
10 variation width of AT, which is an interval from tO to tl, in 
order to adjust the level of the common voltage. 

The pulse width modulation (PWM) signal is designed in 
order- to be initially located in an interval from tO to tl so 
- l that • the common voltage signal VCOM can have an optimum- - 
' 15 value . Herein, the duty ratio of the pulse width modulation 
signal (PWM) is 50%. A ratio between the fourth resistor R4 
and the fifth resistor R5 in the amplifying section 204 is 
determined so that the duty ratio 50% can be an optimum value 
of the common voltage signal VCOM. 
20 Generally, since liquid crystal display devices have 

• common voltage signals slightly different from each other 
according to deviation of the LCDs, it is necessary to adjust 
the common voltage signals. In the first embodiment of the 
present invention, the common voltage adjustment menu of FIG. 
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11 is displayed on a liquid crystal display screen, a display 
bar increases or decreases to a minus side or a plus side by 
the press of the up/down key. The default value of the 
display bar is located at the center. 
5 Next, the pulse width modulation signal (PWM) is applied 

to the smoothing section 202 and then is smoothed. As shown 
in FIG. 10, as the duty ratio of the pulse width modulation 
signal (PWM) increases, a DC voltage level of a smoothed 
signal VIN increases. However, as the duty ratio of the 

10 pulse width modulation signal (PWM) decreases, the DC voltage 
level of the smoothed signal VIN decreases. 

Next, the smoothed signal VIN smoothed by the smoothing 
section 202 is. . applied to the non-inverting terminal ( + )„ . of- 
..the. amplifying section 204 , . ,and - the .amplifying section 204 . 

15 amplifies sufficiently DC voltage level of the smoothed 
signal VIN to a level in which the smoothed signal VIN can be 
used as the common voltage signal VCOM. 

According to the first embodiment of the present 
invention, the common voltage signal VCOM shown in equation 1 

20 is generated from the non-inverting amplifying circuit of the 
amplifying section 204. The common voltage signal VCOM is 
determined by means of the ratio between the fourth resistor 
R4 and the fifth resistor R5 in the amplifying section 204 so 
that the duty ratio 50% of the pulse width modulation signal 
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(PWM) can be an optimum value of the common voltage signal. 



Equation 1 



rocM = rav(i+(— )) 

R5 



According to the first embodiment of the present 
invention, the duty ratio 50% of the pulse width modulation 
signal (PWM) can be adjusted to be a value higher than the 
deviation range of the common voltage signal VCOM. 

10 FIG. 12 is a block diagram illustrating a common voltage 

regulating circuit according to a second embodiment of the 
present invention. As shown in FIG. 12, the common voltage 
regulating circuit includes a data generating section 300, a 
digital/analog converting section 302 and a buffer amplifying 

15 section 304 . The data generating section 300 outputs a 
synchronizing signal SCL and a serial digital data signal SDA 
in response to up/down signal UP/ DOWN for adjusting a common 
voltage. The digital/analog converting section 302 converts 
the serial digital data signal SDA into an analog signal in 

20 response to the synchronizing signal SCL of the data 
generating section 300 and then outputs the converted signal. 
The buffer amplifying section 304 buffers the analog signal 
converted by the digital/analog' converting section 302 and 
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then outputs a common voltage signal. 

The data generating section 300 includes two control 
pins, which receive the up/down signal, and two output pins, 
which output the synchronizing signal SCL and the serial 
5 digital data signal SDA respectively, so that the data 
generating section 300 can be adjusted by software. 

Between the data generating section 300 and the 
digital/analog converting section 302, a sixth resistor R6, 
which is a current limit resistor, is coupled to a line for 
10 transmitting the synchronizing signal, and a seventh resistor 
R7, which is a current limit resistor, is coupled to a line 
for transmitting the serial digital data signal SDA. 

The buffer amplifying, section 30.4 .. includes a buffer. : , 
amplifier 304a and a second capacitor C2 ... , The :.. buffer 
15 amplifier 304a. feedbacks the common voltage signal VCOM to an 
inverting terminal (-), receives the analog signal converted 
by the digital/analog converting section 302 through a non- 
inverting terminal ( + ) and buffers the converted analog . 
signal. Further, the buffer amplifier 304an outputs the 
20 common voltage signal VCOM. The second capacitor C2 is 
coupled between an output terminal and a ground to remove an 
alternating current component of the common voltage signal. 

The buffer amplifying section 304 may be constructed by 
means of a transistor and the output of the digital/analog 
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converting section 302 may be used as the common voltage 
signal in some cases. 

FIG. 13 is a waveform view showing a synchronizing 
signal and a serial digital data signal according to a second 
5 embodiment of the present invention. 

The operation of the second embodiment of the present 
invention constructed as above is described with reference to 
FIG. 13. 

First, when there is up/down key input for adjusting the 
10 common voltage, up/down signal UP /DOWN is applied to the data 
generating section 300. As shown in FIG. 13, the data 
generating section 300 generates the synchronizing signal SCL 
and . the serial digital data signal SDA according, to the 

. ... up/down signal -'.UP /DOWN. • 

15 ' In the. second embodiment of the. present invention, since 

the digital/analog converting section 302 has a resolution of 
8 bit, 8 bit serial digital data signal SDA generated in an 
interval between a start synchronizing signal START and a 

stop synchronizing signal STOP is applied to the 

-J 

20 digital/analog converting section .302. Herein, "the 

digital/analog converting section 302 has a resolution of 8 

bit'' means that levels of a common voltage signal VCOM, which 
can be changed (or modified) , is up to 2 8 (256 stage) . 

Assuming that the default value of the 8 bit serial 
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digital data signal SDA is set at 10000000, when there is an 
input of the down key during that state, the 8 bit serial 
digital data signal SDA changes gradually in the direction of 
reduction and the value of the serial digital data signal SDA 
5 will finally become 00000000. However, when there is an 
, input of the up key, the serial digital data signal SDA of 8 
bit changes gradually in the direction of increase and the 
value of the serial digital data signal SDA will finally 
become 11111111. 

10 Since the serial digital data signal SDA has different 

bit numbers according to the variable range of the common 
voltage signal VCOM, the bit numbers should be increased when 
a precise adjustment is necessary. Herein,, the. bit number is. 
adjusted to be only a value higher . .than the .deviation range 

15 of the common voltage signal. . 

Next, as shown in FIG. 13, when the serial digital data 
signal SDA generated during an interval between a start 
synchronizing signal START and a stop "synchronizing signal 
STOP is inputted to the digital/analog converting section 

20 302, the digital/analog converting section 302 converts the 
serial digital data signal SDA into an analog signal and then 
outputs the converted analog signal to the non-inverting 
terminal (+) the buffer amplifier 304a. 

Then, the buffer amplifying section 304 amplifies the 
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analog signal converted by the digital/analog converting 
section 302 by a unity gain and then outputs a common voltage 
signal. Herein, the alternating current component of the 
outputted common voltage signal is removed by the second 
5 capacitor C2 . 

FIG. 14 is a block diagram illustrating a common voltage 
regulating circuit according to a third embodiment of the 
present invention. As shown in FIG. 14, the common voltage 
regulating circuit includes a data generating section 400, a • 

10 digital/analog converting section 402 and a buffer amplifying 
section 404. The data generating section 400 outputs a 
synchronizing signal PCL and a parallel digital data signals 
DO. ~ -Dn. in response to up/down signal ..UP/DOWN for adjusting a . 
. .. common voltage. The digital/analog; ..converting section 402 .. 

15. converts the parallel digital data signals DO ~ D n into analog, 
signals in response to the synchronizing signal PCL of the 
data generating section 4 00 and then outputs the converted 
signal. The buffer amplifying section 404 buffers the analog 
signal converted by the digital/analog converting section 402 

20 and then outputs a common voltage signal VCOM. 

The data generating section 4 00 includes two control 
pins, which receive the up/down signal, and n+2 number of 
output pins, which output the synchronizing signal PCL and 
the parallel digital data signals DO ~ Dn, so that the data 
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generating section 400 can be adjusted by software. 

Between the data generating section 400 and the 
digital/analog converting section 402,, a eighth resistor R8, 
which is a current limit resistor, is coupled to a line for 
5 transmitting the synchronizing signal, and a plurality of 
resistors RCL0 ~ RCL n , which are current limit resistors, are 
coupled to lines for transmitting the parallel digital data 
signal SDA, respectively. 

There are a first line and a second line between the 
.10 data generating section 400 and the digital/analog converting 
section 402. The first line is a line for transmitting the 
synchronizing signal and a eighth resistor R8, which is a 
.current limit . resistor, is coupled to the first-line. Also,. 

The second line is lines • . for, :.. transmitting the parallel, 

15 digital data signals" DO. ~ . Dn ;and a plurality of resistors 
RCL0 ~ RCL n , which are current limit resistors, are coupled to 
the lines of the second line. 

The buffer amplifying section 404 includes a buffer 
amplifier 404a and a third capacitor C3 . The buffer 
20 amplifier 4 04a feedbacks the common voltage signal VCOM to an 
inverting terminal (-) , receives the analog signal converted 
by the digital/analog converting section 402 through a non- 
inverting terminal (+) and buffers the converted analog 
signal. Further, the buffer amplifier 404an outputs the 
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common voltage signal VCOM. The- third capacitor C3 is 
coupled between an output terminal and a ground in order to 
remove an alternating current component of the common voltage 
signal VCOM. 

5 In the third embodiment of the present invention, since 

the digital/analog converting section 402 has a resolution of 
8 bit, the digital/analog converting section 402 receives the 
8 bit parallel digital data signals DO ~ Dn and then converts 
the parallel digital data signals DO - Dn into the analog 

10 signal in response to the synchronizing signal PCL. 

Herein, "the digital/analog converting section 402 has a 
resolution of 8 bit" means that levels of a common voltage 

signal. VCOM, which can. be changed, are up to. 2 8 (256 stage). 

Since the bit . number , .of the parallel digital . . data.. ; 

15 signals- .DO Dn changes ~ according to the variable." range: of 
the common voltage signal VCOM, when it is necessary to 
minutely adjust the variable range, the bit number should be 
increased. Herein, the bit number is adjusted to be only a 
value higher than deviation range of the common voltage 

20 signal. 

The third embodiment of the present invention 
constructed as above is similar to the second embodiment, but 
there is a big difference in that the data generating section 
400 outputs the parallel digital data signals DO - Dn instead 
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of the serial digital data signal SDA and the digital/analog 
converting section 402 converts the parallel digital data 
signals DO - D n into the analog signals. 

FIG. 15 is a block diagram illustrating a common voltage 

5 regulating circuit according to a fourth embodiment of the 
present invention. As shown in FIG. 15, the common voltage 
regulating circuit includes a data storage section 500, a 
digital/analog converting section 502 and a buffer amplifying 
section 504. In order to adjust a common voltage, the data 

10 storage section 500 receives a synchronizing signal SCL and a 
serial digital data signal SDA according to a combination of 
a first selection signal CO and a second selection signal CI, 
and. stores the received synchronizing signal SCL and serial- 
digital :.data. ■ signal SDA. . Further, the . data .storage: ^section. 

15 500 ..outputs . the stored synchronizing* signal SCL • and : serial 
digital data signal SDA according to a combination of a first 
selection signal CO and a second selection signal CI. The 
digital/analog converting section 502 receives the serial 
digital data signal SDA from the data storage section 500 in 

20 response to the synchronizing signal SCL, and then converts 
the serial digital data signal SDA into an analog signal. 
The buffer amplifying section 504 buffers the analog signal 
converted by the digital/analog converting" section 502 and 
then outputs a common voltage signal VCOM. 
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The data storage section 500 stores predetermined data 
and can modify the stored data. Further, the data storage 
section 500 includes two enable terminals W/En, O/En which 
enable the stored data to be outputted as serial digital 
5 data, and two input terminals for receiving the synchronizing 
signal SCL and the serial digital data signal SDA 
corresponding to each other. 

The enable terminal W/En is used for receiving the first 
selection signal- CO and is coupled to a ground via a ninth 
10 resistor R9 . The enable terminal O/En is used for receiving 
the second selection signal CI and is coupled to a supply 
voltage VDD via a tenth resistor R10. 

. The synchronizing signal input .terminal., is. . coupled to 
the . digital/analog converting section .502 via. a .eleventh 
15. resistor: Rll which is a current . limit ..: resistor , and the 
serial digital data signal input terminal SDA is coupled to 
the digital/analog converting section 502 via a twelfth 
resistor R12 which is a current limit resistor. 

The synchronizing signal SCL is inputted to the data 
20 storage section 500 and is simultaneously inputted to the 
digital/analog converting section 502. 

The buffer amplifying section 504 includes a buffer 
amplifier 504a and a fourth capacitor C4 . The buffer 
amplifier 5 04a feedbacks the common voltage signal VCOM to an 
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inverting terminal (.-) , receives the analog signal converted 
by the digital/analog converting section 502 through a non- 
inverting terminal ( + ) and buffers the converted analog 
signal. Further , the buffer amplifier 504a outputs the 
5 common voltage . signal VCOM. The fourth capacitor C4 is 
coupled between an output terminal and a ground to remove an 
alternating current component of the common voltage signal 
VCOM . 

In the fourth embodiment of the present invention 
10 constructed as above, the four input signals, that is, the 
first selection signal CO,., the second selection signal CI, 
the synchronizing signal SCL and the serial . digital data 

.. .. signal ..S.DA, are applied, to the. . data ...storage, section 500... 

... Herein; the states of the. four... input. signals. ...are shown in 
15. .. table 1 . . 



Table 1 





Test 


Write 


FIX 


CO 


L 


L 


NC 


CI 


L 


H 


NC 


SCL 


CLOCK 


CLOCK 


NC 


SDA 


DATA 


DATA 


NC 



In the above table, L represents a "low" state in a 
logic level, H represents a "High" state in a logic level and 
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NC represents connection state respectively. 

The operation of the fourth embodiment of the present 
invention is described with reference to table 1. First, in ( 
the test mode of testing an optimum value of the common 
5 voltage, the state of the first selection signal CO is L and 
the state of the second selection signal CI is L. Then, the 
data storage section 500 is in a state in which both writing 
and outputting can't be performed. 

Accordingly, in the test mode, the synchronizing signal 
10 SCL and the serial digital data signal SDA are inputted not 
to the data storage section 500 but to the digital/analog 
converting section 502. Then, the synchronizing signal SCL 
.and :.the serial digital data signal SDA are, converted into the 
. ■.: .analog signals . .■ . 

15 Also, when an optimum serial digital data signal SDA is 

determined in an outside, it is necessary for the data signal 
to be stored in the data storage section 500. In order to 
store the data signal, a write mode of table 1 is used. In 
the write mode, the state of the first selection signal CO is 

20 L and the state of the second selection signal CI is H. 
Herein, the data storage section 500 is in a state in which 
writing can be performed but outputting cannot be performed. 

Next, when the four inputs are opened after a liquid 
crystal display device has been manufactured in a state in 
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which data input has been completed, as shown in table 1, the 
fourth embodiment of the present invention becomes a FIX 
mode. In this FIX mode, the input terminals for inputting 
the first selection signal CO, the second selection signal 
5 CI, the synchronizing signal SCL and the serial digital data 
signal SDA are all "NC" state. In this case, the data 
storage section 500 is in a state in which writing is 
inhibited by the ninth resistor R9 and the tenth resistor 
RIO, but outputting can be performed. 

10 Accordingly, in the FIX mode, the serial digital data 
. signal SDA stored in the data . storage section 500 is 
outputted as an optimum common voltage signal VCOM through 
. the analog/digital, conversion process and the .^amplification. 
process . , . . ' v . 

15 In the fourth' embodiment of the present invention,... since :: 

description of an operation of the digital/analog converting 
section 502 and the buffer amplifying section 504 is the same 
as that of the second embodiment, detailed description is 
omitted. 

20 FIG. 16 is a block diagram illustrating a common voltage 

regulating circuit according to a fifth embodiment of the 
present invention. As shown in FIG. 16, the common voltage 
regulating circuit includes a data storage section 600, a 
digital/analog converting section 602 and a buffer amplifying 
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section 604. In order to adjust a common voltage, the data 
storage section 600 receives a synchronizing signal SCL and a 
parallel digital data signals DO ~ Dn according to a 
combination of a first selection signal CO and a second 
5 selection signal CI, and stores the received synchronizing 
signal SCL and serial digital data signal SDA. Further, the 
data storage section 500 outputs the stored synchronizing 
signal SCL and. parallel digital data signals DO • ~ Dn 
according to a combination of a first selection signal CO and 

10 a second selection signal CI. The digital/analog converting 
section 602 receives the parallel digital data signals DO ~ 
Dn from the data storage section 600 in response to the 
synchronizing signal SCL,. and then converts . the . .parallel . 
digital data signals DO. ~ D n into analog signals.. The buffer 

15 amplifying .section 604 buffers the analog signal: converted by ■ 
the digital/analog converting section 602 and then outputs a 
common voltage signal VCOM. 

The data storage section 600 stores predetermined data 
and can modify the stored data. Further, the data storage 

20 section 600 includes two enable terminals W/En, O/En which 
enable the stored data to be outputted in serial digital 
data, and includes two input terminals for receiving the 
synchronizing signal SCL and the parallel digital data 
signals DO ~ Dn corresponding to each other. 
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The enable terminal W/En is used for receiving the first 
selection signal CO and is coupled to a ground via a 
thirteenth resistor R13. The enable terminal O/En is used 
for receiving the second selection signal CI and is coupled 
5 to a supply voltage VDD via a fourteenth resistor R14. 

The synchronizing signal input terminal is coupled to 
the digital/analog converting section 602 via a fifteenth 
resistor R15 which is a current limit resistor, and the 
parallel digital data signals DO ~ D n are respectively coupled 
10 to the digital/analog converting section 602 via a plurality 
of resistors RCLO' ~ RCLn' which are current limit resistors. 
The synchronizing signal SCL is inputted to the data 

. storage . . section 600 and is simultaneously inputted ..to the 

digital/analog. ^converting section 602. > . . .. .; ... 

15 .The' buffer amplifying section 604- includes a buff er 

amplifier 604a and a fifth capacitor C5 . The buffer 

amplifier 604a feedbacks the common voltage signal VCOM .to an 
inverting terminal (-) , receives the analog signal converted 
by the digital/analog converting section 602 through a non- 
20 inverting . terminal ( + ) and buffers the converted analog 
signal. Further, the buffer amplifier 604a outputs the 
common voltage signal VCOM. The fifth capacitor C5- is 
coupled between an output terminal and a ground to remove an 
alternating current component of the common voltage signal 
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VCOM . 

In the fifth embodiment of the present invention 
constructed as above, the first selection signal CO, the 
second selection signal CI, the synchronizing signal PCL and 
5 the parallel digital data signals DO ~ D n are applied to the 
data storage section 600. Herein, the states of the four 
input signals are shown in table 2 . 



Table 2 





Test 


Write 


FIX 


CO 


L 


L 


NC 


CI 


L 


H 


NC 


PCL 


CLOCK 


CLOCK 


NC 


DO 


DATA 


DATA 


NC 


Dl 


DATA 


DATA 


NC 


D2 


DATA 


DATA 


NC 










D n 


DATA 


DATA 


NC 



10 In the above table, L represents a "low" state in a 

logic level, H represents a "High" state in a logic level and 
NC represents connection state respectively. 

The operation of the fifth embodiment of the present 
invention is described with reference to table 2. First, in 

15 the test mode of testing an optimum value of the common 
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voltage, the state of the first selection signal CO is L and 
the state of the second selection signal CI is L. Herein, 
the data storage section 500 is in a state in which both 
writing and outputting can't be performed. 
5 Accordingly, in the test mode, the synchronizing signal 

SCL and the parallel digital data signals DO - D n are inputted 
not to the data storage section 600 but to the digital/analog 
converting section 602. Then, the synchronizing signal SCL 
and the parallel digital data signals DO ~ D n are converted 

10 into the analog signals. 

Also, when an optimum parallel digital data signals DO ~ 
D n is determined from an outside, it is necessary for the data 
signal to be stored in the data storage section 600. In 
order to store the data signal, a write mode of table 2 is 

15 used. In the write mode, the state of the first selection 
signal CO is L and the state of the second selection signal 
CI is H. Herein, the data storage section 600 is in a state 
in which writing can be performed but outputting can't be 
performed. 

20 Next, when the four inputs are opened after a liquid 

crystal display device has been manufactured in a state in 
which the write mode has been completed, as shown in table 2, 
the fifth embodiment of the present invention becomes a FIX 
mode. In this FIX mode, the input terminals for inputting 
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the first selection signal CO, the second selection signal 
CI, the synchronizing signal SCL and the parallel digital 
data signals DO ~ D n are all "NC" state. In this case, the 
data storage section 600 is in a state in which writing is 
5 inhibited by the thirteenth resistor R13 and the fourteenth 
resistor R14, but outputting can be performed. 

In the fifth embodiment of the present invention, since 
description of an operation of the digital/analog converting 
section 602 and the buffer amplifying section 604 is the same 
10 as that of the second embodiment, the detailed description is 
omitted. 

FIG. 17 is a block diagram illustrating a common voltage 
..regulating circuit according . to a : sixth, embodiment .of. the. 
present invention. . As shown . in -FIG..... 17, the common, voltage: 
15 regulating circuit includes a. - data storage section- 700, a ..; . • 
smoothing section 702 and a buffer amplifying section 704. 

The data storage section 700 receives a first selection 
signal CO, a second selection signal CI and a pulse width 
modulation signal (PWM), and stores or outputs the pulse 
20 width modulation signal (PWM) according to a combination of 
the first selection signal CO and the second selection signal 
CI. The smoothing section 702 smoothes the pulse width 
modulation signal (PWM) inputted from an outside to a direct 
current level in test mode and smoothes the pulse width 
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modulation signal (PWM) inputted from the data storage 
section 7 00 to the direct current level in write mode. The 
buffer amplifying section 704 amplifies the smoothed signal 
to a predetermined level and then outputs a common voltage 

5 signal VCOM. 

The data storage section 700 stores predetermined data 
and can modify the stored data. Further, the data storage 
section 700 includes two enable terminals W/En, O/En which 
enable the stored data to be outputted in serial digital 

10 data, and includes input /output terminals for receiving or 
outputting the pulse width modulation signal (PWM) . 

The writing enable terminal W/En is used for receiving 

. ... the. first selection signal. CO .and. is coupled to a ground, via. .... 

a sixteenth resistor :R16 . . ...The. enable terminal O/En ...is .used 

15 for receiving, the second selection signal CI and is coupled 
to a supply voltage VDD via a seventeenth resistor R17 . 

The smoothing section 702 includes an eighteenth 
resistor R18 and a sixth capacitor C6. The eighteenth 
resistor R18 receives the pulse width modulation signal (PWM) 

20 from an outside or the data storage section 7 00 through one 
end. The sixth capacitor C6 is coupled between the other end 
of the eighteenth resistor R18 and a ground. 

The buffer amplifying section 704 includes a nineteenth 
resistor R19, a twentieth resistor R20 and a non-inverting 
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amplifier 704a. The nineteenth resistor R19 is coupled 
between an inverting terminal (-) and an output terminal and 
the twentieth resistor R20 is coupled between the inverting 
terminal (-) and a ground. The non-inverting amplifier 704a 
5 receives the smoothed signal by the smoothing section 702 
through a non-inverting terminal (+) and then amplifies the 
smoothed signal in order to output the common voltage signal 
VCOM. 

In the sixth embodiment of the present invention 
10 constructed as above, the first selection signal CO, the 

second selection signal CI and the pulse width modulation 

signal (PWM) are applied to the data storage section 700. 

Herein, . the „ states of the . three input .. signals are shown in . 

table 3.. ... .. : -•; / 

15 Table: 1 . : v • \ 





Test 


Write 


FIX 


CO 


L 


L 


NC 


CI 


L 


H 


NC 


PWM 


PULSE 


PULSE 


NC 



In the above table, L represents a "low" state in a 
logic level, H represents a "High" state in a logic level and 
NC represents connection state, respectively. 
20 The operation of the sixth embodiment of the present 
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invention is described with reference to table 3. First, in 
the test mode of testing an optimum value of the common 
voltage, the state of the first selection signal CO is L and 
the state of the second selection signal CI is L. Herein, 
5 the data storage section 700 is in a state in which both 
writing and outputting can't be performed. 

Accordingly, in the test mode, the pulse width 
modulation signal (PWM) is inputted not to the data storage 
section 700 but to the smoothing section 702. Then, the 

10 pulse width modulation signal (PWM) is smoothed. 

Also, when a duty ratio of an optimum pulse width 
modulation signal (PWM) is determined from an outside, it is 
. . necessary, for the data signal to. be . stored in., the data 
storage section .7.0.0.'... .In order to store :. the data signal, a 

15 write mode of table 3 is used. In- the: write- mode, the. state 
of the first selection signal CO is L and the state of the 
second selection signal CI is H. Herein, the data storage 
section 700 is in a state in which writing can be performed 
but outputting can't be performed. 

20 Next, when the three inputs are opened after a liquid 

crystal display device has been manufactured in a state in 
which the write mode has been completed, as shown in table 3, 
the sixth embodiment of the present invention becomes a FIX 
mode. In this FIX mode, the input terminals for inputting 
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the first selection signal CO, the second selection signal CI 
and the pulse width modulation signal (PWM) are all "NC" 
state. In this case, the data storage section 700 is in a 
state in which writing is inhibited by the sixteenth resistor 
5 R16 and the' seventeenth resistor R17, but outputting is 
possible . 

Accordingly, in the FIX mode, the pulse width modulation 
signal (PWM) stored in the data storage section 700 is 
outputted as an optimum common voltage signal VCOM through 

10 the smoothing process and the amplification process. 

FIG. 18 is a block diagram illustrating a common voltage 
regulating circuit employing the first embodiment of the 

present . invention. FIG. 19 is a table of data measured at 

... each node- .in . FIG. 18, and. FIG. .. 20 to , :FIG. ..;27: . are views 

15 : .showing waveforms measured at each node in FIG. 18. Herein, 
a value measured at node (a) represents a duty ratio of the 
pulse width modulation signal, a value measured at node (b) 
represents a smoothed DC value and a value measured at node 
(c) represents a common voltage signal value, respectively. 

20 FIG. 20 is a waveform view showing waveforms measured at 

each node a, b, c when a common voltage adjustment menu value 
is 00. In this case, a frequency is 167.127kHz, the duty 
ratio is 45.18%, the smoothed DC value is 1.508V and the 
common voltage signal value is 3.67 6V. 
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FIG. 21 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 01. In this case, a frequency is 167.087kHz, the duty 
ratio is 45.55%, the smoothed DC value is 1.518V and the 
5 common voltage signal value is' 3.704V. 

FIG. 22 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 02. In this case, a frequency is 167.115kHz, ' the duty 
ratio is 45.30%, the smoothed DC value is 1.548V and the 
10 common voltage signal value is 3.7 66V. 

FIG. 23 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is .03.. . In this case, a frequency . is. ;1 67 ..05.1kHz, the duty 
. ratio is. .46 . 72%, the smoothed . DC ..value ...is 1.556V and the 
:15 v common voltage signal value is 3.794V. . * 

FIG. 24 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 04. In this case, a frequency is 167.176kHz, the duty 
ratio is 47.07%, the smoothed DC value is 1.571V and the 
20 common voltage signal value is 3.831V. 

FIG. 25 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 05. In this case, a frequency is 167.176kHz, the duty 
ratio is 47.13%, the smoothed DC value is 1.566V and the 
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common voltage signal value is 3.834V. 

FIG. 2 6 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 06. In this case, a frequency is 167.176kHz, the duty 
5 ratio is 47.51%, the smoothed DC value is 1.580V and the 
common voltage signal value is 3.861V. 

FIG. 27 is a waveform view showing waveforms measured at 
each node a, b, c when a common voltage adjustment menu value 
is 07. In this case, a frequency is 167.156kHz, the duty 
10 ratio is 47 . 94%, the smoothed DC value is 1.590V and the 
common voltage signal value is 3.8 95V. 

As described above, according to the present invention, 
since a common ..voltage can be adjusted, by software by. .means- 
. . . of a surplus pulse width . .modulation:.;:: signal generated; , in -an :• • 
15' integrated board" without installing a separate hardware;. .: the .: . 
common voltage can be easily adjusted even after a liquid 
crystal display device has been assembled. 

Further, according to the present invention, in order to 
minutely adjust a common voltage, since a common voltage can 
20 be adjusted by means of a surplus pulse width modulation 
signal generated in , an integrated board, instead of a 
variable resistor, not only the manufacturing cost but also 
the possibility of breakage can be reduced. 

Further, according to the present invention, a groove 
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for adjustment of a resistance of a variable resistor, which 
has been formed in a bezel of a front surface of a liquid 
crystal display panel, and a variable resistor, which has 
been installed on a gate-printed circuit board, can be 
5 removed. Therefore, when products, which have neither a 
gate-printed circuit board nor a source-printed circuit 
board, are designed, the degree of freedom of the design can 
be improved. 

The preferred embodiment of the present invention has 
10 been described for illustrative purposes, and those skilled 
in the art will appreciate that various modifications, 
additions and substitutions are possible, .without' departing 
from the scope, and spirit of . the invention as disclosed . in 
the accompanying: claims ..... : : - ^ * \ .. . 

15 
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